Objectives: Chronic stress from experiencing discrimination can lead to long-term changes in psychological and physiologic responses, including shorter leukocyte telomere length. We examined the association between leukocyte telomere length and variations in the association by race or type of discrimination.
To date, only 1 study has examined whether discrimination is associated with telomere length, and it reported an interaction effect between discrimination and implicit racial bias and shorter LTL. 23 Different types of discrimination elicit different stress responses. Everyday discrimination, a chronic stressor, is characterized as persistent, ongoing, relatively mundane experiences of unfair treatment. Major lifetime unfair treatment is an acute stressor that occurs relatively infrequently. 24, 25 Perceived discrimination may have differential effects on socially disadvantaged and advantaged groups. Under the stress and coping model, an individual's physiologic reaction to stress is influenced by the availability of compensating resources. 26 Compared with other racial/ethnic groups, black people in the United States face a higher burden of discrimination and are less likely to have coping or compensating resources (social, economic, or cultural), 27 thus compounding the effects of discrimination.
This study examined the association between discrimination (major lifetime unfair treatment and everyday discrimination) and LTL. We had 2 study hypotheses: (1) non-Hispanic black (hereinafter, black) adults who experience everyday discrimination will have shorter telomere length than those who do not experience everyday discrimination, and (2) major lifetime unfair treatment will not be associated with shorter telomere length in either race. We also explored if racism, as compared with other subtypes of everyday discrimination, changes the strength of the association. Additionally, we conducted a series of subanalyses in which we matched on plausible mediators-physical activity, smoking status, and obesity 28, 29 -to assess any changes in the effect estimate that would indicate mediation by health behaviors.
Methods

Sample
The Health and Retirement Study (HRS) is a national longitudinal study of US adults aged >50. HRS conducted baseline interviews during the enrollment of new birth cohorts in 1992, 1993, 1998, 2004 , and 2010 and followed them through core biennial surveys and supplemental data collections during the off years. The telomere data set is supplemental to the HRS, collected for a subset of participants in 2009. 30 We merged information from 3 HRS files-the HRS supplemental telomere data set, the RAND HRS file, and a user-friendly file derived from all waves of the HRS 31 -with self-reported information on discrimination from the Psychosocial Leave-Behind questionnaire administered to a subset of HRS respondents in 2008. 32 Of the 5808 HRS participants with telomere data from saliva samples collected in 2009, 617 were missing information on major lifetime unfair treatment, and 613 were missing information on everyday discrimination. We excluded 4 respondents who were missing data on place of birth, 8 who were missing data on education, and 213 who were missing data on race. Because experiences of discrimination may differ by nativity, we also excluded 354 respondents who were not US born. Finally, because of the small number of Hispanic respondents (n ¼ 131), we included only black and non-Hispanic white (hereinafter, white) respondents. Our analytic sample included 3868 people.
Exposure
To assess everyday discrimination, we used HRS's Everyday Discrimination Scale, 24, 25 in which respondents were asked how often they experienced the following: (1) "You are treated with less courtesy or respect than other people"; (2) "You receive poorer service than other people at restaurants or stores"; (3) "People act as if they think you are not smart"; (4) "People act as if they are afraid of you"; (5) "You are threatened or harassed"; and (6) "You receive poorer service or treatment than other people from doctors or hospitals." Each item was scored on a 6-point scale (1 ¼ almost every day, 6 ¼ never). Items were reverse coded. If the respondent answered 3 items, a continuous everyday discrimination score was created by averaging the scores across the items. Respondents were also asked whether they attributed the unfair treatment described in the scale to ancestry or national origin, sex, race, age, weight, physical disability, other aspect of physical appearance, sexual orientation, religion, financial status, or other. 24 We created dichotomous yes/no variables for each attribute and for whether the respondent had ever experienced everyday discrimination. Respondents were considered to have experienced everyday discrimination if they reported experiencing unfair treatment and attributed the unfair treatment to a personal characteristic. We excluded 508 respondents who reported experiencing unfair treatment but who did not attribute that treatment to any reason. A sensitivity analysis, which included these 508 people as exposed to everyday discrimination, did not substantively change our estimates.
Given that >95% of our sample was born during the de jure segregation period in the United States (pre-1954), as well as the high percentage of black respondents who reported experiences of racism and the documented harmful health effects of racism, we examined racism as an attribute of everyday discrimination. We used participants' responses to the unfair treatment items and attribution of unfair treatment items to create a dichotomous variable: everyday discrimination based on racism or everyday discrimination based on other personal characteristics. We considered attribution of unfair treatment to race, ancestry, or national origin to be racial/ethnic discrimination and attribution to any other reason (eg, age, sex) to be nonracial/ethnic discrimination.
We measured major lifetime unfair treatment by assessing responses to the following questions in the HRS 24,25 : (1) "At any time in your life, have you ever been unfairly dismissed from a job?" (2) "For unfair reasons have you ever not been hired for a job?" (3) "Have you ever been unfairly denied a promotion?" (4) "Have you ever been unfairly prevented from moving into a neighborhood because the landlord or a realtor refused to sell or rent you a house or apartment?" (5) "Have you ever been unfairly denied a bank loan?" (6) "Have you ever been unfairly stopped, searched, questioned, physically threatened, or abused by the police?" and (7) "Have you ever been unfairly denied health care or treatment?" 24 We created a continuous score by summing the affirmative responses across all items (average ¼ 0.5, SD ¼ 1.0). Because we had no a priori hypothesis about experiences that would be related to LTL and to mirror the everyday discrimination variable, we created a dichotomous (yes/no) variable for exposure to major lifetime unfair treatment.
Outcome
HRS assayed saliva samples with polymerase chain reaction to obtain the T/S ratio (telomere-repeat copy number:singlegene copy number), which is proportional to average telomere length. 33 
Covariates
We chose covariates that may predispose a respondent to discrimination: census region of birth (Northeast, Mid-Atlantic, East North Central, West North Central, South Atlantic, East South Central, West South Central, Mountain, or Pacific) because the legacy of de jure segregation differs by geography, 34 year of birth (before 1920, standard demographically defined 5-year intervals during 1920-1955, and after 1955) to account for cohort differences in discrimination experiences, 34, 35 sex (male and female), education (no degree, high school degree/general equivalency diploma (GED), associate's degree or higher, missing), paternal education (<12 or 12 years of school, missing) and maternal education (<12 or 12 years of school, missing), and childhood health (excellent/very good, good, fair/poor, missing).
Analysis
The coarsened exact matching (CEM) procedure generates a multivariate imbalance measure, L1 (range, 0-1), indicating balanced to imbalanced data. 36 We compared the L1 before and after the CEM to check for overall balance between the 2 groups. We ran CEM-weighted linear regression models matched on sociodemographic characteristics associated with the probability of discrimination exposure. We also included a CEM-weighted model matched on everyday discrimination to obtain an estimate of how major experiences of unfair treatment affect telomere length. Similarly, we matched on major experiences of unfair treatment to obtain an estimate of how everyday discrimination affects telomere length. We included ordinary least-squares linear regression models for comparison. We conducted race-stratified analysis because risk profiles for short telomere length may differ by race 37, 38 and because racial differences in perceived discrimination in the United States 4 are likely to violate the equal variance assumption for an interaction term in linear regression and lead to inflated standard error estimates.
We conducted 2 subanalyses. In the first series of subanalyses, we matched on plausible mediators-physical activity (vigorous or moderate physical activity more than once per week [yes/no]), smoking status (never, former, or current smoker), and obesity (body mass index >30 kg/m 2 based on self-reported height and weight [yes/no]). 28, 29 In the second set of subanalyses, we restricted our sample to respondents who reported everyday discrimination and examined whether racism was associated with shorter telomere length. We conducted all analyses using Stata release 13. 39 The Harvard School of Public Health Institutional Review Board determined the study to be exempt from review.
Results
Of the 3868 people in our overall sample, 1318 (34%) reported no perceived discrimination, 341 (9%) reported major lifetime unfair treatment only, 1266 (33%) reported everyday discrimination only, and 943 (24%) reported experiences with both. A higher proportion of black than white participants reported major lifetime unfair treatment (11% vs 8%) or everyday discrimination and major lifetime unfair treatment (37% vs 22%). A smaller proportion of black than white participants reported experiencing only everyday discrimination (28% vs 34%).
Of the 550 black respondents, 335 (64%) were female, 325 (59%) reported maternal education as less than high school, 372 (67%) had at least a high school degree, 363 (66%) had excellent/very good self-rated childhood health, and 442 (81%) were born in the South. Compared with the overall black subsample, a higher proportion in the CEM analytic sample had a parent with <12 years of school, had less than a high school degree, and was born in the South. The average telomere length T/S ratio for black participants was 1.55 (SD ¼ 1.13; Table 1 ).
Of the 3318 white respondents, 1975 (60%) were female, 1620 (49%) reported maternal education as less than high school, 1713 (52%) reported paternal education as less than high school, 2864 (87%) had a high school degree or higher, 1850 (56%) reported excellent/very good self-rated childhood health, and 1534 (46%) were born in the Northeast (Table 1) . CEM resulted in an analytic sample of 1422 white participants for major lifetime unfair treatment, with a decrease in the multivariate imbalance measure L1 from 0.69 to 0.00. For everyday discrimination, CEM resulted in an analytic sample of 1573 white participants, with a decrease in L1 from 0.65 to 0.00. Compared with the overall white subsample, a higher proportion in the CEM analytic sample had a parent with less than a high school degree. The average telomere length for white participants was 1.34 (SD ¼ 0.59; Table 1 ).
Major lifetime unfair treatment was not associated with a significant decrease in telomere length in the unadjusted, multivariable-adjusted, or CEM-weighted models. For example, major lifetime unfair treatment was associated with a -0.09 (95% CI, -0.33 to 0.15) decrease in telomere length after matching on all sociodemographic characteristics. Matching on physical activity, obesity, smoking, or everyday discrimination scores led to additional pruning and smaller sample sizes for the CEM analysis but similar effect estimates ( Table 2) .
Among white participants, everyday discrimination was associated with longer but not significant telomere length in the unadjusted, multivariable-adjusted, and CEMweighted models. Among black participants, everyday discrimination was not associated with any difference in telomere length in the multivariable model. However, in the CEM-weighted model, everyday discrimination was associated with a decrease of -0.22 in telomere length (95% CI, -0.44 to -0.01) among black participants (Table 3 ). This effect estimate was no longer significant when CEM criteria included physical activity (b ¼ -0.03; 95% CI, -0.29 to 0.23), obesity (b ¼ -0.23; 95% CI, -0.54 to 0.07), or smoking status (b ¼ -0.19; 95% CI, -0.55 to 0.16) in telomere length among black participants. Including major lifetime unfair treatment in the matching led to additional pruning, a smaller sample size, and a decrease in the effect estimate (b ¼ -0.06; 95% CI, -0.35 to 0.23).
Of those who experienced everyday discrimination, 253 of 358 (71%) black respondents, compared with 138 of 1851 (7%) white respondents, attributed it to race, ancestry, or national origin (Figure) . The CEM-matched analysis was able to match only a small number of respondents in the black (63 of 358, 18%) and white (183 of 1851, 10%) subpopulations. Among those who experienced everyday discrimination, racism was not associated with a significant difference in telomere length as compared with other types of discrimination attributes in the multivariable-adjusted models for black respondents (regression coefficient for racism vs other discrimination ¼ 0.11; 95% CI, -0.09 to 0.31). Similarly, the CEMmatched analysis comparing racism with other discrimination did not find any significant differences among black respondents (CEM-matched analysis regression coefficient for racism vs other discrimination: 0.11; 95% CI, -0.32 to 0.54) or white respondents (CEM-matched analysis regression coefficient for racism vs other discrimination: -0.19; 95% CI, -0.63 to 0.25). 
Discussion
We found discrimination among racial/ethnic minority groups to be a common experience in the United States, similar to previous reports. 7, 24, 37, [40] [41] [42] Everyday discrimination was associated with shorter telomere length among older black adults in our CEM model. Matching on major lifetime unfair treatment or on plausible mediatorsphysical activity, smoking status, or obesity-led to decreases in this effect estimate. We found no significant association between major lifetime unfair treatment and telomere length among black participants nor between either type of unfair treatment or discrimination (everyday or lifetime) and telomere length among older white participants. Our effect estimates for everyday discrimination differed depending on the model used. CEM is a nonparametric method of controlling for potential confounders in the sample, pruning observations from the data so that the remaining respondents have a better balance between the treated and the control groups. The CEM-weighted model estimate is the local average treatment effect among the treated, whereas the multivariable regression effect estimate is the overall average treatment effect. The difference between the CEMweighted model estimate and the multivariable estimate among black participants suggests heterogeneity in these effects. Our results support previous research suggesting that everyday discrimination but not major lifetime unfair treatment is associated with adverse health outcomes. For example, 1 study found that everyday discrimination but not major lifetime unfair treatment was associated with greater depressive symptoms and loneliness. 43 Chronic exposure to everyday discrimination initiates a biological cascade and heightened physiologic stress responses that may lead to a range of adverse health outcomes. 44 Previous research examining racial differences in the effect of discrimination had mixed results. For example, discrimination has been associated with a worse diurnal cortisol rhythm pattern among white people but a healthier diurnal pattern among black people. 45 Another study reported stronger associations between major discrimination and mental health outcomes in white people than in black people. 37 Conversely, racial discrimination has been associated with higher levels of red blood cell oxidative stress among black people but not white people. 46 These mixed results are likely due to several reasons. First, racial differences in the health effects of discrimination may be caused by the type or dimension of discrimination examined in particular studies. In our sample, the perceived attributes of everyday discrimination differed significantly by race: approximately 93% of black participants and 29% of white participants who reported everyday discrimination attributed it to racism. These differences likely resulted from the larger sociocultural context in which this discrimination occurred. Older black participants in our sample lived through the de jure segregation period, in which structural racism was the norm. Because de jure segregation policies did not apply to white people, the discrimination reported by older white people in our sample probably refers to experiences that differ from those of their black peers. Differential effects by race may also indicate variations in how subgroups of people interpret and process similar situations. White people may have more social and cultural resources than black people to counteract certain experiences of discrimination, such as racism. Further research is needed to better understand why differential effects of discrimination occur by race and whether such differences are the result of unidentified moderators, such as psychological attributes (eg, coping resources) or the larger cultural context (eg, de jure segregation policies), differences in physiologic responses, or limitation measures designed to capture data on multiple dimensions of discrimination (eg, source of discrimination, such as institutional or personal; forms of discrimination, such as differential access to services or differential treatment by others; people's perceived emotional impact of discrimination).
Some evidence also suggests that the biological process may differ by race; that is, the telomeres of black people may shorten more rapidly than the telomeres of white people. 47 Racial differences in telomere length have been reported, with most studies finding longer telomere length among black people than white people. [48] [49] [50] [51] However, several studies reported shorter telomere length among black people than white people. 29, 52 Differences in study populations and sampling differences may account for some of the conflicting findings. Telomere length reflects genetic, environmental, and behavioral factors, 53, 54 which may vary substantially by race/ethnicity. Additional research is needed to understand the biological basis of racial/ethnic heterogeneity in telomere length.
In our analyses matching on plausible mediators, the association between everyday discrimination and shortened LTL was no longer significant. Smoking, lack of physical activity, and obesity are well-known discrimination-related coping strategies 55, 56 that can also accelerate the shortening of LTL. 57 Although our findings suggest that these health behaviors are plausible mediators, our data were limited by sample size and by our measures of these health behaviors. We were unable to measure life-course physical activity and obesity, which may have limited the extent to which these behaviors were adequately adjusted for in our models. Our model may have included other mediator-outcome confounders (eg, physical or environmental factors), which may have biased the model estimates. Further research is needed to assess the pathways by which discrimination affects telomere length.
The CEM-weighted models that included major lifetime unfair treatment score as a matching variable decreased the effect estimate associated with everyday discrimination for the black subsample, indicating potential mediation. However, this result should be interpreted with caution given the substantial pruning in this CEM-weighted model. Only 11% (61 of 550) black participants were matched for sociodemographic characteristics and major lifetime unfair treatment score.
We found no significant differences in telomere length between those who experienced racial discrimination and those who attributed discrimination to other reasons. Although the association between racial discrimination and adverse health is increasingly recognized, 11, 12, 58 few studies have compared racism with other types of discrimination. A recent study in Europe found that respondents who attributed their experiences of discrimination to sociodemographic characteristics (eg, sex, age, sexuality, disability) were significantly more likely to report poor health than respondents who attributed their experiences of discrimination to their race/ethnicity. 58 A study in the United States found that attributing discrimination to race decreased the association between daily discrimination and depression among Caribbean black men but not among women or African American men. 59 Given the high prevalence of racism in the United States, the need exists to investigate the complex role that racial discrimination may play, especially in comparison with (and in the context of) other types of discrimination.
Limitations
This study had several limitations. First, the standard discrimination scales used in HRS have limitations, 25, 60 including the inability to assess the stressfulness of the discrimination experience and the lack of reference to a time frame associated with the discrimination experience. Second, residual confounding may have occurred from potential confounders (eg, hostility and pessimism) that were not available in our data set. 61, 62 Similarly, residual confounding may have been caused by the lack of detail on place of birth. HRS provides information on the census region of birth only in the public use data set. Third, several of our CEM-weighted models had small sample sizes, which may have limited the power to detect a significant result. Fourth, the HRS sample consisted of people aged 50. Black respondents in our sample may have been the most resilient of their birth cohorts because black people in the United States are more likely than white people in the United States to die at younger ages. If black people in the United States who faced discrimination aged faster and died younger than their white counterparts, the remaining black people would be disproportionately healthy.
Additionally, some measurement error may have been associated with our outcome. HRS does not measure telomerase activity (ie, the enzyme that catalyzes the lengthening of telomeres), which requires fresh blood samples and is not practical in large-scale cohort studies. However, this measurement error should have been random. Finally, this HRS sample may not be generalizable to younger birth cohorts of black and white people in the United States who experienced discrimination in a different context, for several reasons. The HRS telomere sample was collected in 2009, and no collection of data on telomere length has occurred since. The respondents in our sample experienced discrimination during 1 period of US history and 1 period in their lives. The context of discrimination has changed in the United States since the era of de jure discrimination experienced by those in our sample, all of whom were aged 50.
Strengths
Our study also had several strengths. The analytic sample was drawn from a nationally representative study and used a CEM approach to increase comparability between those who selfreported exposure to discrimination and those who did not. The HRS data set allowed us to examine major lifetime unfair treatment and everyday discrimination separately for black and white respondents. Furthermore, although study participants may have had experiences that are specific to their birth cohorts, our results still provide useful insight on the association between discrimination and telomere length.
Conclusion
Our study demonstrates the adverse physiologic impact of everyday discrimination for black people in the United States on LTL, a biomarker of cumulative cellular damage. 63, 64 Future research should explore whether these results hold for members of other racial/ethnic minority groups and other socially disadvantaged groups. Public health practitioners should consider strategies addressing the detrimental biological effects of experiences of discrimination.
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